Background: The positive association between parental socioeconomic position (PSEP) and health among adolescents may be partly explained by dietary behaviour. We investigated the associations between fruit intake, vegetable intake, energy-dense food intake, the Healthy Nutrition Score for Kids and Youth (HuSKY) and parental education in a nationwide, cluster-randomized sample of adolescents in Germany. Methods: The German Health Interview and Examination Survey for Children and Adolescents 2003-2006 (KiGGS) included 17,641 individuals aged 0-17 years and their parents. Complete information on relevant variables was available for 6359 individuals in the 11-17 age group. The associations between nutrition indicators and parental education were analysed separately for boys and girls, using multivariate logistic regression analysis. Odds ratios (ORs) adjusted for age, region, income, occupation, physical activity and weight status related variables, were calculated for the associations between parental education and nutrition indicators. Results: After full adjustment, higher parental education level was associated with lower energy-dense food intakewith an OR of 1.3 (95 % CI 1.0-1.7) for boys with secondary educated parents and 1.8 (1.4-2.3) for boys with tertiary educated parents compared to boys with primary educated parents; the corresponding ORs for girls were 1.2 (0.9-1.5) and 1.6 (1.2-2.2). Higher parental education was associated with higher fruit intakewith an OR of 1.3 (1.0-1.7) for boys with secondary educated parents and 2.0 (1.5-2.7) for boys with tertiary educated parents compared to boys with primary educated parents; the corresponding ORs for girls were 1.0 (0.8-1.4) and 1.5 (1.0-2.1). Among boys and girls with tertiary educated parents compared to those with primary educated parents an OR of 1.3 (CI boys: 1.0-1.7, CI girls: 1.0-1.6) was observed for high vegetable intake. Among boys with tertiary educated parents compared to boys with primary educated parents an OR of 1.6 (1.2-2.2) was observed for a high HuSKY; the corresponding OR for girls was 1.5 (1.1-1.9).
Background
Dietary behaviour is a major determinant of health [1] . Studies, reviewed in Vlismas et al., suggest that the positive association between socioeconomic position (SEP) and health may be partly explained by dietary behaviour [2] . If SEP differences in dietary behaviour are investigated, physical activity patterns should also be considered, since energy balance is based on energy intake and total energy expenditure (TEE) [3] . A previous analysis suggests that German adults with a low level of education have higher levels of TEE than those with a high level of education, because they have higher levels of work-related physical activity, although they are less active in leisure time [4] . The observed SEP differences in physical activity level among German adolescents were smaller than those observed among adults [5] . However, it was shown that adolescents with less educated parents have higher media consumption and lower levels of TEE than those with highly educated parents [5] . This contrasts with the patterns that were observed among adults and it was hypothesized that the higher media use among adolescents from low-educated families might be linked to familial leisure time activity level. The families of manual workers (mainly lower educated) may stay at home in the evenings and weekends more often, whereas in sedentary worker families (mainly higher educated) the parents may be more active with their children in leisure time to balance their lack of activity at work [5] . Furthermore, it was shown that the observed higher energy-dense food intake among adults with low SEP may be partly explained by their higher level of physical work activity [6] . Review studies indicate that, similar to their parents, adolescents with low SEP background show more unfavourable dietary behaviourshigh energy-dense food intake and low fruit and vegetable intakethan adolescents with high SEP background [7, 8] . However, the associations between SEP and dietary behaviours among adolescents have to date not been studied in a large, populationbased sample in Germany. Also it is unknown which role physical activity patterns may play for the association between SEP and energy-dense food intake among adolescents. When investigating these associations body mass index (BMI) and perceived weight status need to be considered also, since being overweight is linked to SEP [9] and it is a main motivation to change dietary behaviour. Among adolescents, SEP is usually obtained using the levels of parental education, parental occupation and household income [10] , as indicators of parental socioeconomic position (PSEP).
In light of the recent obesity epidemic among adolescents and its unequal distribution by social statusabout 18 % of German adolescents aged 11 to 17 years have overweight or obesity and those with low PSEP are the most affected [11] , there is an urgent public health concern to examine the relation between PSEP and dietary behaviour in this age group.
This study aimed at investigating the associations between PSEP indicators (education, occupation, income) and dietary behaviour (fruit intake, vegetable intake, energy-dense food intake and overall healthy diet) among adolescents. Furthermore, it aimed to examine the role of variables which may influence these associations, such as physical activity and weight status related variables.
Methods
The German Health Interview and Examination Survey for Children and Adolescents (KiGGS) is a population based, cross-sectional survey, with data collected from May 2003 until May 2006. The overall response rate was 66.6 % [12] . Participants were randomly selected from local population registries in 167 sample points which were randomly distributed according to the structure of the Federal States and municipalities of Germany. The methods have been described in detail elsewhere [12] .
The survey was approved by the Charité Universitätsmedizin Berlin ethics committee [13] . Participants aged 11 to 17 yearshereafter referred to as 'adolescents'gave informed written or oral assent (at 14 years and above) and their parents signed a written informed consent. Participants underwent physical examination and completed a self-administered health questionnaire and a food frequency questionnaire (FFQ) [14] . Body weight and height was measured in a standardized way. Parents of the participants were also invited to give information for the survey. After exclusion of individuals with missing data, the final sample comprised 6359 participants. The item-response rate for the FFQ was 95.3 %. According to a previous response analysis, on average the parents of respondents had a higher education level than the parents of the non-respondents [5] .
Parental socioeconomic position
'Parental education' was obtained by asking the parents two questions about the highest school and vocational training certificate attained by the mother and the father of the participant. A categorical education variable was generated for the mother and the father separately by applying a revised version of the 'Comparative Analysis of Social Mobility in Industrial Nations' (CASMIN) classification of education for Germany [15] . CASMIN distinguishes between primary (elementary), secondary and tertiary (higher) levels of education (see Additional file 1: Figure S1 ) by considering the length of educational experience, the intellectual abilities required and the value of the educational certificate achieved [16] . The highest education level of either parent was used to define the 'parental education' level.
'Parental occupation' for each parent was assessed with a question about the 'current or last professional position'. A categorical occupation status variable was constructed according to a revised version of the 'Occupational Prestige in Comparative Perspective' approach for Germany to categorizing respondents into three groups of occupation status (low, middle, high) [17] . The highest occupation status of either parent was used to define 'parental occupation' status.
'Household income' was assessed based on two questions about the households' approximate monthly net income and the number of persons living permanently in the household. A household net equivalent income variable was constructed by assigning need-specific weights to the household members (Organisation for Economic Co-operation and Development, OECDmodified scale: head of household = 1, additional adult household members = 0.5, children = 0.3 [18] ), calculating the household size, and dividing the monthly net income by the household size. A categorical variable was created by calculating tertiles of the 'household income' variable (low, middle, high).
Dietary behaviour
The 'Healthy Nutrition Score for Children and Youth' (HuSKY) is an overall healthy nutrition index developed by Kleiser et al. and has been described in detail elsewhere [19] . In short, the national 'optimized mixed diet' (OMD) recommendations for German children and adolescents [20] were related to the 'KiGGS -FFQ' information. The dietary intakes of eleven food groups (beverages, vegetable, fruit, fish, bread/cereals, pasta/rice/ potatoes, milk/dairy products, eggs, meat/sausage, fats and sweets/fatty snacks/soft drinks) were considered in the index. Sub-indices for each food group were calculated, standardized and weighted according to the recommended age-and sex-specific desirable food intakes for the respective food groups. The obtained sub-scores were transformed into an overall healthy nutrition score from zero to 100. A higher score indicates a healthier dietary behaviour [19] .
'Fruit intake', 'vegetable intake' and 'energy-dense food intake' were defined by using the HuSKY sub-indices for the food groups 'fruit' (fresh fruits), 'vegetable' (raw, cooked, frozen and canned vegetables and salad) and 'sweets/fatty snacks/soft drinks' (sugared soft and energy drinks, sweets, chocolate, cake, sweet pastries, ice cream, salty snacks, potato chips, crackers, fried potatoes, French fries, grilled or curried sausages, hamburger, kebab), respectively. The fruit and vegetable indices are constructed as the ratios of overall fruit/vegetable intake consumed in grams per day (FFQ information) divided by the age-and sex-specific recommended amounts (boys: 11-13, 250 g; 13-< 14, 300 g; 14-< 18, 350 g; girls: 11-13, 250 g; 13-< 14, 260 g; 14-< 18, 300 g). The energy-dense food index is constructed as the cumulated number of portions/standard units of 'sweets, fatty snacks and soft drinks' consumed per day.
The KiGGS -FFQ was validated against the computerized diet history interview 'DISHES'; an overall mean correlation coefficient of 0.53 was reported [14] . The KiGGS -FFQ provides only rough information on dietary intake and the information was therefore used to rank individuals instead of using the continuous outcomes for analysis. Using a standardized procedure, quintiles were calculated for each outcome index, stratified by sex. The upper limits of the 3 rd quintile was used for the health favourable food indices (HuSKY, 'fruit' , 'vegetable') to define intake as 'high' and the lower limit of the 3 rd quintile was used for the health unfavourable 'energy-dense food' index to define intake as 'low'. The following cut-points were used, for HuSKY: 55.1 score for boys and 57.6 for girls; for 'fruit intake': 0.50 ratio for boys and 0.60 for girls; for 'vegetable intake': 0.41 ratio for boys and 0.49 for girls; and for 'energy-dense food intake': 4.68 portions/standard unit of drinks for boys and 3.25 for girls. Boys and girls who were classified as having 'high' or 'low' intake for the respective outcomes were merged into unisex binary variables.
Physical activity
'Leisure time physical activity' was assessed with the following questions: 'In your leisure time, how often are you physically active in such a way that you really start sweating or get out of breath (e.g. exercising, bicycling etc.)?'-Possible answers were: 'nearly every day', '3-5 times a week', 'about 1-2 times a week', 'about 1-2 times a month' or 'never'. The subsequent question was: ' About how many hours is that approximately per week? __ __'.
'Media use' was assessed with the question: 'How much time do you spend on average per day doing the following? (1) Television/video, (2) video games, (3) computer/ internet, (4) listening to music, (5) using cell phone. Answers were, not at all, about 30 min, about 1-2 h, about 3-4 h, more than 4 h'. A media use index was calculated by cumulating the amount of time spent on a daily basis with the respective activities.
'Total energy expenditure' in 24 h was calculated from information on 'leisure time physical activity', 'media use' and 'sleeping time'. Metabolic equivalent values (MET) were assigned to the activity categories, 0.9 MET for sleeping time, 1.3 MET for media use, 8 MET for leisure time physical activity [21] . It was assumed that the remainder of the 24 h period was spent on average with 'light activities' for which a MET value of 2.5 per hour was assigned [21] . The respective activity scores were summed up into a summary score of 'total energy expenditure' in MET hours per 24 h.
Tertiles were calculated for all physical activity indices stratified by sex, and the population was divided into three equal groups using the upper limits of the first and second tertile. The following cut-points were used. Leisure time activity duration: 4 and 8 h per week for boys, 2 and 5 for girls. Media use duration: 3.5 and 6.5 h per day for both boys and girls. Total energy expenditure: 43.0 and 47.3 METs per 24 h for boys, 41.3 and 45.0 for girls.
'Familial leisure activity' was assessed by asking respondents to [1] 'disagree', (2) 'rather disagree', (3) 'rather agree' or (4) 'agree' with the statement, ' As a family in the evening and at weekends we rather stay at home than doing leisure activities together'. The categories 1 and 2 were used to define familial leisure activity level as 'high' and the categories 3 and 4 as 'low'. The question is a sub-item of the 'Familienklimaskalen' (FKS) [22] , which is a translated and slightly adapted German version of the family environment scales (FES) [23] .
Weight status related variables
'BMI-for-age' was calculated for boys and girls separately applying the 'BMI-for-age' reference z-scores of the World Health Organization (WHO) [24] using the following cutpoints: 'below -2 Z', '-2 to -1 Z', '-1 to +1 Z', '+1 to +2 Z', and 'above +2 Z' [25] .
'Perceived weight status' was assessed by asking the parent: 'Do you think that your child is: (1) by far too thin; (2) too thin; (3) normal; (4) too fat; (5) by far too fat?'
Statistical analysis
The statistical analyses were performed with STATA SE 12.1. Survey design procedures were used to adjust for the cluster design effect. Potential influencing factors for the investigated associations were identified and logistic regression analyses were performed to investigate their statistical significance: Model 1: outcome and exposure variable; Model 2: Model 1 + influencing factor; and Model 3: Model 2 + interaction term of exposure*influencing factor. If the influencing factor was associated with the exposure and independently associated with the outcome in Model 2, the influencing factor was considered in the multivariate analyses. If the interaction term was significant in Model 3, effect modification was assumed and sub group analysis was performed. Associations between PSEP and nutrition outcomes were analysed using multiple logistic regression models, conducting a separate analysis for each association between the exposures (education, occupation and income) and the outcome variables (fruit intake, vegetable intake, energy-dense food intake and HuSKY); the results were stratified by sex. The age and region adjusted associations in the basic models were subsequently adjusted for identified influencing factors in the final models. When adjusting for covariates we used the age strata 11-13, 14-15 and 16-17. We used the regional strata, 'East' and 'West' Germany, tertiles of the leisure time physical activity duration (in hours per week) as well as media use (in hours per day) and the total energy expenditure (in MET/24 h) in addition to the strata of 'familial leisure activity' 'high' and 'low'; the 'BMI-for-age' strata, 'below -2 Z', '-2 to -1 Z', '-1 to +1 Z', '+1 to +2 Z', 'above +2 Z' and the categories of 'perceived weight status' '(by far) too thin', 'normal', '(by far) too fat'. Missing values of the covariates were included in the statistical analyses by generating a separate category for missing values. Finally mediation analysis was performed to investigate the role of covariates on the investigated associations between PSEP and dietary behaviour among adolescents using the Baron and Kenny criteria for mediation: the covariate is associated with the exposure, it is independently associated with the outcome and transmits the association between the exposure and the outcome (the association is smaller in absolute terms when controlling for the potential mediator) [26, 27] . The percentage of change in the ORs is calculated as ((model a-model b)/(model a-1)), where model a is the basic model and model b is the model including the hypothesized mediator variable. Parental education was used as PSEP exposure in the mediation analyses, since education is less likely to change after the end of the educational carrier and the item response rate was higher compared to those of occupation and income.
Results
Participants Table 1 shows the distribution of the study sample according to selected covariates; all covariates, with the exception of age, were associated with parental education.
Multivariate analyses
The independent associations between the covariates and the nutrition outcome variables, adjusted for parental education, are shown in Table 2 .
Fruit intake
Leisure time physical activity, TEE and perceived weight status were independently associated with fruit intake ( Table 2 ). After adjustment (see Table 3 ), significant associations remained between parental education and fruit intake among boys and girlswith an OR of 1.3 (95 % CI 1.0-1.7; p = 0.031) for boys with secondary educated parents and 2.0 (1.5-2.7; p < 0.001) for boys with tertiary educated parents compared to boys with primary educated parents; the corresponding ORs among girls were 1.0 (0.8-1.4; p = 0.770) and 1.5 (1.0-2.1; p = 0.026). 
Vegetable intake
Leisure time physical activity, media use, TEE and BMI-for-age were independently associated with vegetable intake ( Table 2 ). After adjustment (Table 3) , a significant association remained between parental education and vegetable intake among boyswith an OR of 1.3 (1.0-1.7; p = 0.025) for boys with tertiary educated parents compared to boys with primary educated parents.
Energy-dense food intake
Media use, TEE, familial leisure activity, BMI-for-age and perceived weight status were independently associated with energy-dense food intake ( Table 2) . After adjustment (Table 4 ), significant associations remained between all PSEP indicators (education, occupation and income) and low intake of energy-dense food among boys as well as between parental education and parental occupation and low intake of energy-dense food among girls. The ORs for parental education were 1.3 (1.0-1.7; p = 0.044) for boys with secondary educated parents and 1.8 (1.4-2.3; p < 0.000) for boys with tertiary educated parents compared to boys with primary educated parents; the corresponding ORs among girls were 1.2 (0.9-1.5; p = 0.252) and 1.6 (1.2-2.2; p = 0.003). 
HuSKY (Healthy Nutrition Score for Kids and Youth)
Leisure time physical activity, media use, TEE, BMI-for-age and perceived weight status were independently associated with the HuSKY (Table 2 ). After adjustment (Table 4) , significant associations remained between parental education and the HuSKY among boys and girlswith an OR of 1.6 (1.2-2.2; p = 0.001) for boys with tertiary educated parents compared to boys with primary educated parents; the corresponding OR among girls was 1.5 (1.1-1.9; p = 0.011).
Subgroup and mediation analyses
Perceived weight status was an effect modifier for the association between parental education and energy-dense food intake among girls (interaction term p-value 0.039, data not shown). The association was only significant in the stratum of girls perceived by their parents to be normal weight (Additional file 1: Table S1 ). TEE was an effect modifier for the association between parental education and the HuSKY among girls (interaction term p-value 0.012, data not shown). The association was only significant in the stratum of girls with high TEE (Additional file 1: Table S2 ).
Media use and familial leisure activity fulfilled the criteria of partial mediation for the association between parental education and energy-dense food intake. In the age and region adjusted model of the association Table S4 ). In the age and region adjusted model of the association between parental education and HuSKY (Additional file 1: Table S4 ), TEE explained 9 % of the association among boys and 20 % among girls when comparing adolescents with tertiary and primary parental educational backgrounds. When weight related variables (BMI-for-age, perceived weight status) were included in the models, the general trend was that the association between parental education and nutrition outcomes became slightly stronger (data not shown).
Discussion
In this large, population-representative sample of German adolescents it is observed that, after full adjustment, boys and girls with high-SEP parents consume more fruits, more vegetables (only boys), less energydense foods, and have a more healthy overall dietary behaviour than those with low-SEP parents. These observations are in line with the findings of other studies [8, [28] [29] [30] . The associations become weaker when controlling for physical activity variables and slightly stronger when controlling for body weight related variables. Parental education shows stronger independent associations with the nutrition outcomes than parental occupation and household income; this also confirms the findings of previous studies [31] [32] [33] .
The levels of media use and familial leisure activity explained, in part, the variance of the observed associations between PSEP and high energy-dense food intake among adolescents. Media use mediated about a quarter and familial leisure activity a sixth of the total association when comparing girls with tertiary and primary educated parents. Also Scully et al. investigated physical activity and dietary behaviour among adolescents across SEP groups and found very similar patterns to those we observed [34] . Adolescents with low SEP background more frequently consumed fast food and high-energy drinks and spent more time on the internet, playing video games and watching TV. In addition, it was observed that adolescents who watched TV for more than 2 h per day consumed less fruits and more fast food, snacks and high-energy drinks, when controlling for SEP, physical activity and other variables [34] . Also other studies suggest that sedentary screen-time activity coincides with consumption of energy-dense snacks [35] [36] [37] and that reducing media use may automatically lead to a reduction of energy-dense food consumption among adolescents [38] . However, while technology developments have often led to reduction of physical activity in recent years (cars, television, video games), some developments like fitness tools and training or dietary advice apps may help to improve physical activity and reduce obesity.
These findings are different from those observed among German adults for whom the association between level of education and energy-dense food intake was partly explained by more vigorous work activity (higher TEE) among the lower compared to the higher educated [6] , whereas, among adolescents, the same association is partly explained by a higher level of media use and a lower level of familial leisure activity (lower TEE). Potential pathways showing how SEP may influence physical activity and diet related behaviours among adolescents and their parents are presented in Fig. 1 . Parents with low education often have more physicallydemanding jobs and, in order to recover from physical work, they may stay at home in their leisure time more often which may also imply lower familial leisure time activity compared to parents with high education, who mostly sit at work (office jobs) [4] . Partly because of this, their children may have higher media consumption and lower TEE than adolescents with high education backgrounds [5] . In high-SEP families physical activity patterns of the parents and their children may be more similar, dominated by sitting at work or school. Assuming that familial dietary habits are mainly controlled by the parents, and that physical workers need more high caloric food to compensate for their high work-related energy expenditure [6] , their children may also consume more high caloric food compared with the adolescent offspring of sedentary workers. Hence, the dietary intake among adolescents in physical worker families (mainly low SEP families) may correspond less to their own energy requirements. As a result, adolescents with low-SEP parents may be at higher risk to develop overweight or obesity compared to adolescents with high-SEP parents.
In line with this hypothesis, studies have shown that energy-dense food availability is greater in low-PSEP families [39] , that the food habits of children are related to those of their parents [8, 40] and that the children of farmers and blue collar workers consume more energydense foods than the children of white collar workers [32, 41, 42] . In addition, Martens et al. have shown that the consumption of high-fat snacks among Danish adolescents was negatively associated with food availability and accessibility and positively associated with parental behaviour [43] . In general when children get older the parental control on their dietary behaviour will becomes weaker, since they consume more foods away from home. A study of Lilico et al. in a population-based sample of Canadian youth shows that the prevalence of eating meals with an adult family member is lower and the prevalence of eating away from home in a fast-food restaurant is higher among 9-12 grade pupils compared to 5-8 grade pupils [44] .
Although media use and familial leisure time activity levels partly explained the association between indicators of PSEP and energy-dense foods among adolescents, the associations remained significant after adjustment. Other studies suggest that, apart from food accessibility, food prices, the food environment, knowledge and culture may shape SEP differences in diet quality [30] .
For instance, the perceived local food environment, in the manner that distance to get to shops and restaurants to buy healthy or unhealthy foods, as well as more or less healthy food offerings within shop, may not be the same for families living in deprived versus wealthy neighbourhoods [45] . Also perceived high cost of healthy food by low-SEP adults can have an influence on their children's dietary behaviour [46] . Studies reviewed by Rao et al. show however, that healthier foods are not always more expensive; for example healthier options per serving for dairy foods were less expensive than the unhealthier options [47] .
In addition, several other factors determine the dietary behaviour of adolescents [8] . These factors, which may have also influenced the results and for which we were not able to control, include personal, family-related, peer group-related and school-related factors.
Obesity can be a consequence of an unhealthy diet, but also a motivation to adopt a healthier dietary behaviour. Therefore and because our study is cross-sectional, we considered it as a potential influencing factor in our study. However, the statistical analysis revealed that the body weight related variables did not act as mediators according to the Baron and Kenny criteria of mediation [27] . An exception was the perceived weight status which was an effect modifier for the association between PSEP and overall healthy food intake among girls. A significant association was only observed among girls perceived by their parents to be 'normal weight', but not among girls perceived to be 'too fat'. Low-SEP parents may perceive their girls as normal weight, although objectively they are overweight more often than what high-SEP parents perceive [48, 49] . The parental perception of unhealthy body weight to their female offspring seems to have an influence on the dietary behaviour of their children [50] . A starting point for health interventions could be to increase the parental awareness of the problematic weight status of their children, particularly in low-SEP families.
In general, we observed that among girls the influence of physical activity and weight status related covariates on the associations between PSEP and dietary behaviour is stronger than among boys. This finding is in line with other studies in this field, which observed for instance stronger associations between calories chosen by the mother for their children and mother's education, mother's weight status, mother's obesity genetic causal beliefs, mother's perceived importance of the amount of fast food intake in causing childhood obesity and mother's restriction of her child's food intake among girls than among boys [51] . Several potential reasons may explain the observed gender differences in our study. Firstly, the validation of the KiGGS FFQ showed that the self reports of girls showed a higher validity for some food groups compared to those of boys [14] . This may result in a higher type 2 bias among boys and may distort possible interactions in the boys. Secondly, the self reports of the parents on perceived weight status seem to be less valid for the boys than for the girls. While parental perception of the child's weight status conforms well to the BMI-for-age among girls: 'Too fat': 26.05 %; 'BMI-fo0r-age ≥ +1Z': 25.02 %, the corresponding percentages among boys were less in line: 22.35 % and 28.64 %. It seems that parents more strongly underestimate obesity among boys than among girls [49] , which may lead to a stronger type 2 bias among the boys. Thirdly, the explanatory power of a mediator is stronger where the association between the exposure (PSEP) and the mediator (physical activity and weight related variables) is stronger. In our previous study [5] , we demonstrated much stronger associations between PSEP and physical activity outcome indicators (media use, leisure time physical activity, TEE) for girls than for boys. This might be another explanation why the mediation effects of physical activity indicators were stronger among girls compared to boys.
Limitations
Food frequency assessment based on self-reporting has several limitations [52] : Healthy food intake may be over reported and unhealthy food intake may be under reported due to social desirability bias. The relative validation of the KiGGS -FFQ, with intake assessed using more detailed dietary histories, revealed that the correlation between both methods differed according to sex, age, body weight and socio-economic status for specific food groups [14] . The adolescents with normal weight, for instance, had a higher correlation coefficient (0.54 [0.49-0.58]) for 'sweets' than overweight adolescents (0.36 [0.23-0.47]). We cannot fully exclude the possibility of differential misclassification bias in this study. Physical activity assessment based on selfreporting has limitations [53] , which can cause type 2 bias, where a true association is not detected (false negative). This may be a reason why the inclusion of physical activity variables in the final models did not change the ORs significantly. We selected the covariates based on prior knowledge with references from the literature and performed a stepwise selection procedure with univariate pre-screening of potential covariates. Although these strategies are the most commonly used methods, they have been criticized for their limitations [54] . We performed an additional analyses were we included all covariates shown in Table 2 into the final models; the ORs only slightly changed on the level of the second decimal place compared to the stepwise procedure.
The Baron and Kenny traditional approach has been criticized because the influences of additional variables, which could act as mediator-outcome confounders, are not considered [55] . We performed another mediation analysis to check whether a different approach will produce other results and considered the influence of additional variables during the analysis. For all mediation analyses shown in the Additional file 1: Table S3 and Additional file 1: Table S4 the overall findings remained essentially unchanged. An exception was the association between parental education and HuSKY (Additional file 1: Table S4 ) where media use was no longer significantly associated with the HuSKY among boys and girls when TEE was considered.
Finally, the response analysis has shown that respondents differ from the non-respondents according to the parental education level [5] , which possibly further compromises the validity of the results.
Conclusions
In Germany, adolescents with low SEP parents showed a lower compliance with the national nutrition recommendations on fruit intake, vegetable intake and energydense food intake and also a lower compliance with overall healthy nutrition compared to adolescents with high SEP parents. Higher levels of media use and lower levels of familial leisure time activity among adolescents with low PSEP may partly explain why they consume more energy-dense food. The higher energy-dense food intake of adolescents with low SEP parents seems not to be linked to higher levels of TEE. Rather it may depend on family-related factors and a less supportive environment for having an adequate energy diet. Preferably school-based interventions are needed to promote a low intake of unhealthy energy-dense food among German adolescents. In order to prevent health inequalities in future, a special effort is needed to reach adolescents from low-SEP families. A combined strategy of promoting a low energy diet and physical activity at the same time could be an effective strategy to prevent the development of obesity among adolescents coming from low-SEP families.
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